Ni-Fe metal matrix composites reinforced with WC have been fabricated by microwave sintering at various temperatures. A uniform nickel layer on WC and Fe powders was deposited prior to sintering using electroless plating technique, allowing closer surface contact than conventional methods such as mechanical alloying. The reactivity between WC and Fe powders to form carbides of Fe is controlled through Ni layer existing on the starting powders. A composite consisting of quaternary additions, WC, Ni and Fe was prepared at the temperature range 500°C-900°C under Ar shroud. X-Ray Diffraction, SEM (Scanning Electron Microscope), compression testing and hardness measurements were employed to characterize the properties of the specimens. Experimental results carried out for 900°C suggest that the best properties for omax and hardness (HV) were obtained at 900°C and the microwave sintering of electroless Ni plated WC and Fe powders is a promising technique to produce ceramic reinforced composites.
INTRODUCTION
The use of microwaves to process materials was studied intensively in the 1970s and 1980s, and has now been applied to a wide variety of materials. Initially, success in microwave heating and sintering was confined mainly to oxide and some non-oxide ceramics; but recently the technique has been extended to carbides used in cutting tools /!/. Tungsten carbide cermets are the most important group of cutting tool' materials because of their high hardness, refractoriness and wear resistance. In these composite materials, also known as hardmetals, the WC particles are cemented together by a ductile metal/alloy binder, usually Co, using the conventional powder metallurgy technique 12-4/. For industrial processes such as heating by microwave is preferred in order to reduce processing time and lower cost of energy 151. Microwave radiation is considered to be in the range 300MHz and 300GHz, which is well above UV range with higher wavelength and lower energy levels 161.
Electroless plating is a chemical reduction process, which depends on the catalytic reduction of a metallic ion from an aqueous solution containing a reducing agent, and the subsequent deposition of the metal without the use of electrical energy/7/. Electroless plating is at the present time a commonly used industrial technique for deposition of metal coatings. Electroless deposition is a very simple process which can be used to obtain amorphous metallic coatings of uniform thickness on metallic or non-metallic substrates /8, 91. Useful electroless deposits have been produced of nickel, cobalt, palladium, copper, gold, silver and alloys involving one or more of these metals. Particularly, electroless nickel coatings are widely used to protect surfaces of engineering metal components, against degradation by corrosion and wear or to build up on worn areas /10/ as well as and improve their mechanical properties /I I/.
In this study, (WC)Ni+Fe and WC+Ni+Fe ceramic-metal composites were produced by using electroless plating method and then sintered by microwave radiation at different temperatures.
MATERIALS AND METHODS
Chemical Ni plating was achieved by suspending the starting powders in a 80% vol. distilled water solution containing 20%vol. Hydrazine Hydrate (N 2 H 4 .H 2 O) at 95CC, adding Nickel Chloride (NiCI 2 .6H 2 O) and 35% Ammonia solution while keeping the pH at 10. With increasing temperature, ammonia evaporation rate increased rapidly, therefore, a dripper was used. In the mean time the suspension was constantly stirred and the pH was monitored by using a Philips PW 9413 Ion-Activity Meter. The composition of the solution for electroless Ni plating is given in Table 1 . The reaction was allowed to proceed until sufficient Ni was added for plating all WC and Fe powders, then, Ni plated powders were filtered out of the solution by using a paper filter and repeatedly washed off by distilled water and then oven dried at 105°C. Two sets of specimens were prepared for this study; in both groups, the ratio WC:Fe:Ni was kept constant at ratio of 35:35:30 (in %), respectively. The first group of specimens was consolidated without Ni plating prior to sintering and the second set of specimens was composed of WC and Ni plated Fe powders before the sintering process. All powder mixtures were consolidated using a compaction pressure of 200 Bar after mixing for 24hrs. The temperature range for sintering was 500°C-900°C for the duration of Ihr and Ar gas shroud was used for sintering in microwave furnace (PHOENIX). Compression and hardness tests were carried out with Shimadzu-AG/IS lOOkN universal tensile testing machine and Shimadzu HMV 2L hardness tester, respectively. XRD (X-Ray Diffraction) structural analysis was also employed to reveal any compounds and metallic phases available by Shimadzu XRD-6000 analyzer (Cu Κα) standard ICCD cards were used to determine the phases available in sintered compacts. Standard metallographic techniques were employed to reveal microstructure and carry out composition analysis by using SEM (Scanning Electron Microscopy). The theoretical densities of specimens (d|) have been calculated by taking the sum of weight fraction (fri) of each component multiplied by their theoretical density (dn), that is:
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The density after sintering was calculated by dividing the mass of the compacts by their volume. The volume of each compact was measured by immersing them in a vertical measuring tube containing mercury. 
RESULTS AND DISCUSSION
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Physical properties
The density calculations for the specimens with and without Ni plating with respect to the sintering temperature were carried out by means of measuring the dimensions of the specimens and results for WC+Fe+Ni and (WC+Fe)Ni are given in Figure 1 . Theoretical density of the compacts was calculated as 10.84 g/cm 3 and the highest sintering densification ratio (Density after sintering/Theoretical density) was found to be 72% and 66% for WC+Fe+Ni and (WC+Fe)Ni, respectively. It can be seen that density calculations after sintering follows a constant increasing trend for both type of specimens; the highest densities, 7.25gr/cm 3 and 7.82gr/cm 3 were obtained at 900°C with and without Ni plated specimens, respectively. The reason for increasing density for both specimens can be explained by less porous and denser microstructure, a result of lower volume as the operation temperature increases. However, density values for (WC+Fe)Ni appears to be lower than that of WC+Fe+Ni despite the fact that the amount of Ni is same as in WC+Fe+Ni, suggesting that the binding agent, Ni, preventing the close contact between the particles and thus resulting in larger volumes when compared to those of non plated specimens.
Compression and Hardness tests
A series compression strength tests and hardness tests were carried out on both specimens following the sintering at each temperature and the results are given in Figure 2 with increasing sintering temperature for both specimens. A trend similar to density against sintering temperature plot was obtained. As the sintering temperature increases the compression strength values also increase with respect to temperature due probably to having less porosity and therefore denser structure. Hardness results for both Ni plate and non Ni plated specimens are given in Figure 3 . It is clearly seen that Ni plating of powders results in higher hardness values. The protruding tip of hardness tester generates a limited deformation because of readily deformable Ni layer existing on the particles and therefore results in higher hardness readings in Ni plated specimens whereas the protruding tip of hardness tester causes a complete deformation and breaks apart the particles in non plated specimens, lowering the hardness readings. This is also related to the easiness of the crack initiation and propagation when an external force is applied. This can also be explained by the mechanism of sluggish crack propagation within the* Ni plated compacts. The presence of ductile Ni layer can substantially slow down the propagation of a crack and therefore increase the strength and hardness of the Ni plated compacts as opposed to non Ni plated compacts in which easy crack formation and propagation can be experienced. As a result, sintering temperatures of 800°C and 900°C can be chosen for sintering to obtain the best mechanical properties. A 36.2 MPa of compression strength with Ni plated specimens as opposed to 26.5MPa compression strength of non Ni plated specimens suggests that the use Ni as a binding agent is very effective means of manufacturing composites containing WC and Fe powders.
Metallographie and structural characterization of specimens
SEM, EDX and XRD analyses were carried out on the specimens to reveal the effect of Ni plating and characterize the phases present within the specimen. Figure 4 shows Ni plated particles having a layer of Ni with low density of porosity before microwave sintering process. EDX analysis reveals Ni and Fe presence on a single Fe particle. Compression and Hardness test results showed that electroless Ni plated specimens sintered at 900°C yielded the highest compression strength and hardness values compared to non Ni plated specimens. Figure 5 shows a fraction of particles from Ni plated (WC+Fe)Ni specimens sintered at 900°C. It can be noticed that particles have a circular shape with a larger boundary surface contact with other particles. Ni addition seems to engulf the particles and increases adherence between them, working as binding agent. WC+Fe+Ni Specimens sintered at 900°C, on the other hand, have a comparatively less boundary surface followed by sharper edges, indicating a loose contact between the particles (See Figure 6) .
The structural characterization of sintered and unsintered compacts was carried out by means of XRD technique. Figure 7 presents XRD results from unsintered (WC+Fe)Ni and WC+Fe+Ni specimens, it reveals that individual WC, Fe and Ni peaks exist in the XRD results of the compacts, suggesting the formation of Ni plating on the particles in (WC+Fe)Ni (Figure 7a ) and the presence of Ni particles in WC+Fe+Ni (Figure 7b ). It can be said that the process of Ni plating does not cause a chemical reaction which can be detectable by XRD technique, at the interface of Ni plating and the components of the compacts compared to Non Ni plated compacts, prior to sintering at 900°C. 
Effect of Microwave Sintering on the Pproperlies ofElectroless i\i Plated WC-Fe-Ni Composites
CONCLUSION
Powders of WC, Fe and Ni were employed to produce Ni plated (WC+Fe)Ni and non Ni plated (WC+Fe+Ni) were sintered at temperatures ranging between 500-900°C. Results imply that microwave sintering for Ni plated powders are able to produce composites with the highest compression strength and hardness due to probably to well binding Ni layer deposited by electroless plating technique. Lower readings in hardness and compression strength are possibly due to having deformable layer of metallic phase around the WC particles, affecting properties in general.
